250CT2006 [ITLITLITTEITEITTIT] *166166* . Title of the Invention Ap& @ us.
and nethod for treating mastewa%e%—eoﬁtarnrﬁg’—ﬁTtrogen cont ai ni ng. aé kamﬁ

Background of the Prior Art 1. Techni The present invention
relates to a wastewater treatnent m@%@m i ch biologically decolorizes
.and denitrifies wastewater conta| gen-cont ai ni ng dye. More
specifically, the inventi.on pertains tuédtthast ewater treatneat. apparatus.
capabl e of easily decol orizing and deconposing, at a |low cost, a

persi stent nitrogen-containing dye such as an azo conpound in wastewater
containing a dye, being conpact, having excellent durability and high
processi my {imves £ afite elrsedridlpn | ong-term st abl e operation. 2. Description
of the Prior Art Nitrogen-containing dyes, particularly, azo dyes account .

for the Iaprgasityy ol tnethed it tpedtielg Qaa@)t%%at-EEeEoﬁ"tSiHiﬁg in various
fields such as fibers, foods and cosnetics. \Wen dye-containing wastewater

d|scharg@@ﬁfdggﬁn@bﬁmﬁuggggLayégy plants and the like is released into the
environment, it colors the surrounding environment and inpairs the
envi ronrre(lg) %k@ﬁ%ﬂd fdd @parxcereinere is accordingly an increasing
1. Technical Field
The present invéﬁtion relates to a wastewater tfeatment
apparatus which biologically decolorizes and. denitrifies
- wastewat\er containing a nitrogen-containing dye. Mofe
specifically, the 1nvéntion pertains to a wastewater treatment.
apparatus capable of easily decolorizing and decomposing, at
a low cost, a persistent nitrogen-containing dye such as an azo |
compound in wéstewater containing a dye, being compact, having
excellent-duraﬁility and high précessing powexr and ensuring
long-fer_m stable operation.

2. Description of the Prior Art

g Nitrogen-containing dyes, particularly, azo dyes account

~—f

" for the largest proportion of all synthétic dyes. They are used
in Qarioué fieldsvsuch as fibers, foods and cosmetics. When
dye-containing wastéwater discharged f£rom dye manufactﬁring
pIants and the lilke is released into the ehvironment, ii colors.
the surrounding envi;_onment and impairs the environment and

' beautiful.appearance. There is accordingly an increasing
demand for the décolorization or detoxification of the
above—described.dye existing.in_the wastewater. Wastewater

l\

1 R

*G00002*



demand for the decolorization or detoxification of the above-descr?F%ﬁTQmﬁ

- existing in the wastewater. Wastewater 1 IP1LETLEETERTERTERTEETTntl Il
TIELTTT *coooo2* 250CT2006 z containing dyes have conventionally been
treated mainly as a mixture with another wastewater by the activated

- sludge process under aerobic conditions. The activated sludge process

- however only renoves BOD#(Bi ochem cal - Oxygen Demand) and SS (Suspended
Subst ance) conmponents fromthe wastewater. Many dyes are persistent

ni t rogen-cont ai ni ng conpounds such as azo dyes. Since they cannot be
renoved biologically by the activated sludge process, the wastewater has.
been relmasetinidg dyes rame rapmment dndldit beemotragtedcnaiRbm&ol®ring or
nitrogen conponents derived fromthese dyes. As a nethod of physically

r enovi NgnBxeiyee Gahaans ter swsdtearaded bprhhsast blveated silndge MIRSABS 0 treat -
dye-contai ning wastewater by the activated sludge process, physically
separ at i igdéR@etyd ifd 6enthelvast eMhe erctbywdwd gltigge perocgpe-wfavEhi ng
substance with the aid of coagulating sedinentation or by adsorbing the
subst ancen Pptr@nanidy @oed (BebehematabOstyer Demandhdnth &S (Suspended) t he
dye. This nethod 1is however acconpanied with such a drawback that the
persi st e§bbstance) components from the wastewater. Many dyes are

persistent nitrogen-contalning compounds such as azo dyes.

Since they cannot be removed biologically by the activated

l;%' sludge process, the wastewater has been released into the
environment without removing therefrom coloring or nitrogen'
components derived from these dyes. |

As a method of physically removing a dye-containing
substance £from wastewater, it is known to treat dye—contaiﬁing'
wastewater by the activated sludge process, physically
separating the'dye from the wastewater by solidify the
dye-containing substancelwith the aid of coagulating

P sedimentation or by adsorbing the substance onto'activéted

c}iarcoai or the like; and then reciaiming‘ the dye. | This method

is however adcompanied with such a drawback that the per.sistent

dye which has remained undecomposed exerts a bad influencé qn

the'énvirohment when 1t 1s released therednto. 1In ordér t°j
avold such aﬁ influence, only.a limited landfill site can be

used.

‘As a method of chemically decomposing a dye-containing

substance in wastewater, proposed are, for example, a method



dye whi ch has renmai ned undeconposed exerts a bad influence on the
I'tnvironnent when it is released thereinto. In order to- avoid such? afCT 2006
influence, only a limted landfill site can be "used. As a nethod of

chem cal | y deconposing a dye-containing substance in wastewater, proposed
-are, for exanple, a nethod 2 2 5 0 CT 2006 of deconposing the dye by
bringing it into contact with a@zone (Japanese Patent Lai d-Open No. = .
239383/ 1997), a nethod of bringing it in contact with oxygen under humd
conditions, thereby oxidizing it (Japanese Patent Lai d-OQpen No.

253669/ 1997), a nethod of bringing it in contact with an enzgne, t her eby
deconposefigiétonifapine seheatymby Bringhes No.introgoraskesdth 7P net hod
of deconposing it .under supercritical conditions (Japanese Patent

Lai d- OpenJalpane280Pat@ht3ZpidARpenntoof 2BARE3/ kB2 hbdsa Hemldved 9fvol ve

dr awbacks such as necessity of an extra cost for chemcals and facilities
and genepgihgingf ikyipr ecdntbstwiwitbhosigenr bnder elbumibdt condl Eieens.i bed
above, an apparatus for treating dye-containing wastewater capabl e of
decol ori ghRgeBPd oxd@e2ARESIIRY.( JapaneE@WPateht BapérGpeh eld.

ni trogen-contai ning dye such as azo conpound to an extent not having- an
adverse ,6R¥b9ABBANA! a Hft@eld 65 bRAhghkRGW iATCajRat woth tdheeprwsent

thereby decomposing 1t (Japanese Patent Laid-Open No.

2000-245468), and a method of decomposing i1t under
; supercritical conditions (Japanese Patent Laid-Open No.
2001-121137). Any one of these methods however involve
drawbacks such as necegsity of an extra cost for chemicals and
facilities and generation of by-products which 'dis_turb
treatment.

As described above, an apparatus for treating
dye~containing wastewater capable of decolorizing and
decomposing, at a low cost, a.persistent nitrogen-containing
dye ﬁuch as azo compound to an extent not having an adverse
envirormental effect is not known. An object of-the preseﬁt
invention is therefore to provide a wastewater treating
appératus capable of easily decolorizing and decomposing, at
a low cost, a persistent nitrogen-containing dye such as azo
compound in wastewater containing a nitrogen-containing dye,
being compact, having excellent durability and high processing
power, and ensuring long-term stable operation.

(b) Summary of the Invention



rnvention is therefore to provide a wastewater treating apparatus gﬁﬁephm
~of easily .decolorizing and deconposing, at a |ow cost, a persiste@t

ni t.rogen-cont.ai ni ng dye such as azo conpound in wastewater containing a
nitrogen-contai ni ng dye, being conpact; having excellent durability and
~high processing power, and ensuring |long-term stable operation. (b)
aSummary of the Inventioon -- 3 2 5 O @I 2006 According.to the present . o=
i nvention, the above-described object can be attained by a wastewater
‘treatnent apparatus which is equipped with an obligatory anaerobic tank in
whi ch wastewater containing a nitrogen-containing dye is brought into

contact with fuldeatdneducitne baetent ainvsieriow! igal %'Hbvaaa@%g%% _
conditions, a nitrification tank in which the wastewater is broug ? into

contact wbtlecti idanf WeNQIIAGHRIG By &) WastRIRk o3RI di bl nd a
denitrification tank in which tﬁ% maé%ematef igggﬁgﬁgﬁ? ?ﬁ#ggégﬁ act with

deni trifyhigh BackQuippuRdaLtANAR OB £q£00) ti NS o Ner geco rjizing and
denitrifying the vvastg%ater cont aiﬁllpngga ni réogen-ock%)l% e{ﬁ%lr%’?kn Y gf:hlvbre

speci fi cahktewht@ P c@s8a: fide Rt iQR t . t.ewat er _treatment
apparatus in which denitﬁ]f]gﬁtiéh F?gggagﬁpégigﬁpg?nyg £6%brohght

A ter docorarroatrey Paeh Rata s e AR A g et Bl aeR ¥ cvent
the wast gnaerobic conditions, a nitrification tank in which the
f&__' wastewater is brought into contact with nitrifying bacteria
v under aerobic conditions, and a denitrification tank in which
the wastewater is brought into contact with denitrifying
bacteria under anaerobic conditions, thereby decolorizing and
denitrifying the wastewater containing a nitrogen-containiné
dye. More specifically, the present invention relates to a
wastewater treatment apparatus in which denitrification is
carried out in a nitrification/denitrification step or
denitrification/nitrification step after decolorization in
7ij the obligatory anaeroblc step in order to prevent the waste
| water from being colored again.

The above-deécribed wastewater treatment apparatus of the
present inventiqn may have, for example, a strucfure in which
the obligatory #naerobic tank, denitrification tank afid
nitrification tank are disposed in the order of mention and a

portion of nitrified wastewater discharged from the

nitrification tank is returned and circulated to the

denitrification tank. In a preferred embodiment, the bacteria



wat er from being col ored again. The above-descri bed wastewat er treatnent
apparatus of the present invention may have, for exanple, a st r uctur CT 06
whi'ch the obligatory anaerobic tank, denitrification tank and
nitrification tank are disposed in the order of mention and a portion of
‘nitrified wastewater discharged fromthe nitrification tank is returned
and circulated to the. denitrification tank: In a preferred enbodi nent, .the
bacteria 2 5 OC T 2006 are imobilized by a mcroorgani smimobilization
support in at |east one tank selected fromthe obligatory anaerobic tank,
nitrification tank and denitrification tank. Alternatively, the wastewater
treat ment 2APphTEPh L A&§ dnBY e dnkeranagnrel sm immobah izhe 10kl beaseFy anaer obic
tank, nitrjfication tank and denitrification tank are disposed in the
order of ?rlérﬁq‘?ﬁ]té’ﬁ'tﬁ tankesebeat ¢@rfreamkhe souli iensad, dawssbbeanhlx t he
denitrif ication tank in order to bring BOD deconposing bacteria ‘into
contact vRtFChAScakapsr tanidean@eterhi tor iRidittiodngankn aAlPéfziﬂirx?eg

enbodi nent, the bacteria are imobilized by a m croorgani sm i mobi’l‘i zati on

support ithetwhehsvabee taaktmentesppdrit@hdle 1hld g@tgggl%@ﬂ%eer qQhi ¢ tank,
ank.

nitrification tank, denitrification tank and re-aeration im a nore

pref err edwlshttudthendblibetorgr anagashbsa) t AP0 4 264 { Q0 SUPROL S may, be at
| east one support selected fromgelled supports, plastic support? and

fibrous sgpportification tank are disposed in the order of mention and

X

S - denitrification tank in order to bring BOD decomposing bacteria

@ re-aeration tank 1s disposed downstream of the

into contact with wastewater under aerobic conditions. 1In a
preferred embodiment, the bacteria are immobilized by a
microorganism immobilization support in at least one tank
selected from the obligatory anaerobic tank, nitrification
tank, denitrification tank and re-aeration tank.

_ In a more preferred embodiment, the mlcroorganism
immobilization support may be at least oﬁe support selected
from gelled supports, plastic supports and fibrous supports,
of which use of a polyvinyl alcohol hydrogel as the
microorganism immobilization suppert is still more preferred.

The wastewater treatment apparatus according to the
present inv_ention cen easily decolorize and decompose, at a low®
cost, a persistent nitrogenous compound in wastewater
containing a nitrogen-containing dye, is compact, has
excellent durability and high processing power.and ensures

long-term stable operation.



of . whi ch use of a polyvinyl alcohol hydrogel as the m croorgani sm
~i'mobi i zation support is still nore preferred. The wastewater trébﬁﬂ@h@mﬁ
apparatus according to the present invention can easily decolorize and
deconpose, at a low' cost, a persistent nitrogenous conpound in wastewater
- containing a nitrogen-containing dye, is conpact, has excellent durability
and -hi gh processing power and ensures l.ong-term stable operation. - 5 ..2 5
O CT 2006 (c) Brief Description of the Drawings FIG 1 is a flow chart
illustrating a wastewater treatnent apparatus according to a first
enmbodi nrent of the present invention;_and FIG 2 is a flow chart
i |l ustrate hPriehdtesprptirrathetie REP42%s according to a second

enbodi ment of the present invention. %d) Det ai | ed Description of the
Preferred Eni®HE mdnts Bh8le¥reharh dhdyekradangi hivagtayeteat1rRaIaTdr ei n
means, anong acid dyes, acid nordant dyes, netal conplex salt dyes, basic
dyes, diamparates dyeserainy ctdyastingt remeediperty et Wit #ressiitubl e dyes
having a chem cal structural formula which includes therein nitrogen,

parti cul luventhonazanéond. Exanpl es of the nitrogen-containing dye include

ani |l ine azo dyes such
‘ FIG. 2 is a flow chart 11lustrating a wastewater treatment
apparatus aécording to a sec_ond emﬁodiment of the present
invention.
e (d) Detailed Description of the Preferred Embodiment
The term "nitrogen-contalning dye” as used herein means,
among acid dyes,_ acid mordant dyes, metal complex salt dyes,
basic dyes, direct azo dyes, azoic dyes and reactive dyes, water
soluble dyes having a chemical structural formula which
includes therein.nitrogen, particularly, an azo bond. Examples
of the nitrogen-containing dye include aniline azo dyes such

as Acid Orange 10, sulfanilic acid azo dyes such as Aclid Orange

1 and Acid Orange 24, naphthol azo dyes such as Acid Orange 7

and Acid Orange 8, nahthylamine azo.dyes such as Acid Blue 92
and Acid Biue 120, anthraquinone dyes such Acid Blue 82 and Acid
Blue 126, pyrazolone azo dyes such as Acid Yellow 11 and Acid
Yellow 17, and azolc dyes such as Azolc Diazo Component 1 and
Azoic Diazo Component 27.

The term "sulfate reducing bacteria” as used herein means
obligatory anaerobic bacteria such as Desulfovibrio

desulfurican. They are known bacterila which reduce a sulfate



as Acid Orange 10, sulfanilic acid azo dyes such as Acid Orange 1 a I d
.orange 24, naphthol azo dyes such as Acid Orange 7 and Acid Orangr—z2 C 05
naht hyl am ne azo dyes such as Acid Blue 92 and Acid Blue 120,
ant hr aqui none dyes such Acid Blue 82 and Acid Blue 126, pyrazol one azo
~dyes such as Acid Yellow 11 and Acid Yellow 17, and azoic dyes such as
Azoi ¢ D azo Conponent 1 and Azoic D azo Conponent 27: The term "sul fate
reduci ng bacteria" as used herein neans obligatory anaerobic bacteria such
as Desul fovibrio desulfurican. They are known bacteria which reduce a )
sulfate 6 2 5 OCT 2006 to _hydrogen sulfide by sulfate respiration. In an
obl i gat ok9 hiydEePeer SHEHide e Sh‘llgﬁ&ﬁeﬁe%%?% Py Man°H§ﬁF&%d by
t he above-descri bed sul fate reduci ng bacteria under obligatory anaerobic
condi t i oaBaeThbiretankobthgan bl yo seretwial KdididyicoAs" dagapRogefd b
conditions in which a redox potential in aliquid, if this potentlal bei ng
used as theialexe-deswsiizdd gulZademeducingbachhnha tungegtpbhigdteody quid is
7. In the present invention, a predeterm ned anmount of organic nmatters
nust exi shaepoble abhdgauony anaerobi c tank wupon synthesis of a
respiratory substrate or cell of sulfate reducing bacteria or
deconposi ti onTak themni"bbajgegateoayt andkergbldgecokattibasf readmenthef
wast ewat er not containing a | arge

conditions in which a redox potential in a liquid, if this

potential being used as an index, is usually -200 mV or less
7  when the pH in the liquid is 7.
In the present invention, a predetermined amount of
organic matters must exist in the obligatory anaerobic tank

upon synthesis of a respiratory substrate or cell of sulfate

reducing bacteria or decomposition of the nitrogen-containing

tend to be employed.
In the present invention, it is preferred that bacteria
- . have been immobilized by a microorganism immobilization
‘support in at least one tank selected from the above-described
obligatory anaerobic tank, nitrification tank,
denitrification tank and re-aeration tank. A prbcess using the

microorganism immobllization support (which process will



anount of organic matters, addition of a necessary anount of orgag#g 2008
rmatters.to the obligatory anaerobic tank fromthe outside is reco -ﬁ@@&h
Exanples of teh organic matters to be added usually include al cohols. O

t hese, nmethanol and ethanol tend to be enployed. In the present invention,
it is preferred that bacteria have been inmmobilized by a microorgani sm

| rmobi I.i zat.ion support in at l.east one tank selected fromthe . -.
above-described obligatory anaerobic tank, nitrification tank,
denitrification tank and re-aeration tank. A process using the

m croorgani smi mobilization support (which process will - 7 250CT
2006 her®¢FRinafter kuchddetslpgpporbpovess's "ssimbYy ) 1% Better g the

activated sludge process, because the forner one does not require sludge

return, vkeRdtkvdtedtsladyee pabices s3nPecabsatanaFeeml 836NN 0t
particularly in the obligatory anaerobic tank, a fine pore passes through

from t he seqioe siudgderstypo) twh YR £hdiEl €80l d agpépa[,{i&{ 44 support,
and use of acetalized polyvinyl alcohol gel which*facilitates habitation

of anaer giwnAmALOE gaf)i saish | BshEe ©4r£ 100 BAPRPT L I {HY Q)“rﬁ.sl it ation
property of the sulfate reducing bacteria; conplete sea |ﬁb as “enpl oyed in

the acti \etatk b Lelgmn),0aessnslpinre pglalsiegfi’éﬂfa(uag%ro‘ﬂpitﬁe%g&%é ORg I's not
necessary; and the capacity of the reaction tank can be re lced 0 make
t he tank the support toward the central part of the support, and use of
j acetalized polyvinyl alcohol gel which facilitates habitation
s of anaerobic microorganisme inside of the support improvés
habitation property of the sulfate reducing bacteria; complete
sealing as employed in the activated Sludge process under
obligatory anaeroﬁic conditions is not necessary; and the
capacity of the reaction tank can be reduced to make the tanic
compact.

The microorganism immobilization support suitably
employed in the present invention is a solid having fine po.res
which will serve as a habitat for the microorganisms., Examples
of the material for the supi)ort include vinyl alcohol based
resins such as polyvinyl alcohol, ether based resins such as
polyethylene glycol, acrylic resins such as polymethacrylic
acid, acrylamide based resins such as polyacrylamide, olefin
based resins such as polyethylene and polypropylene, sStyrene
Pased resins such as polystyrene, ester based resins such asg

polyethylene terephthalate and polybutylene terephthalate,

acrylonitrile based resins such as polyacrylonitrile, urethane



conpact. The m croorgani smimmbilization support suitably enployed_ in thg
.present- invention is a solid having fine pores which will serve asL 2 0CT 200

habitat for the mcroorgani sns. Exanples of the material for the support

i nclude vinyl al cohol based resins such as polyvinyl alcohol, ether based

‘resins such as polyethylene glycol, acrylic resins such as polynethacrylic
acid, acrylam de based resins-such as pol yacryl am de, olefin . based resins

such as pol yet hyl ene and pol ypropyl ene, styrene based resins such as

pol ystyrene, ester based resins such as polyethylene terephthal ate and

pol ybutyl ene terephthal ate, acrylonitrile based resins such as

pol yacr yP8AREr FEELNErBITaAE PoBYUDe thaker SPOOG - bR 3ediasl dascfu el

pol yur et hane sponge, pol ysaccharides such as cal ci um al gi nat e,

X- carr ageengnlcdger alagichs | W-ceeragerneat,i wgsr ,photiocalingjosesi ns such as
pol yester acrylate, epoxy-acrylate and urethane acrylate, and porous

| nor gani ger§QERAWYLS, W&%ﬂﬁ%@ﬁ$§wmas- peyebese, apeyyxtay!
al cohol hydrogels are preferred because they have a structure which is

porous ap@oRet WG 18MEN 4l ivi& 1 ¥arld@38)1% @Nd 5 po2Baer knd-hahes anmount
of water in the gels. Mre preferred eXanples include formalized polyvinyl

al cohol  RydhadflasA Gl ald 268 R HdbdoAl CORH HRrdeogpha v i8y1

m croorgani Sm i nmobillization supports nmay be used eithér singly or in
alcohol hydrogels are preferred because they have a structure

- which is porous and network even inside of the gels and can

¢ )/

absorb a laxge amount of water i_n the gels. More preferred
examples include fo#malized polyvinyl alcohol hydrogel and
acetalized polyvinyl alcohol hydrogel. The microorganism
immobilization supports may be used either singly or in
combination. From the viewpoints of a wastewater treatment
efficiency and support fluidity, its £illing ratio is, based
on the capacity of the tank, preferably 1% or greater but not
greater than 50%, with a ratio of 3% or greater but not greatef
) than 30% being more preferred.

FIG. 1 is a flow chart of a wastewater treatment apparatus
accordlng to a first embodiment of the present invention, which
is structured to have an obligatory anaerobic tank,
denitrification tank and nitrification tank d&isposed in the
order of mention and to return and circulate a portion of water
discharged from the nitrification tank after nitrification
treatment to the denitrification tank. In FIG. 1, bacteria in

the absolute anaeroblc tank 1, denitrification tank 2 and



conbi nati on. Fromthe viewpoints of a wastewater treatnent EffiCi%ﬂgﬁ iE@ﬁ
support - fluidity, its filling ratio is, based on the capacity of t £ ;
preferably 1% or greater but not greater than 50% with a ratio of 3% or
greater but not greater than 304 being nore preferred. "FIG ‘1 is a flow
“chart of a wastewater treatnent apparatus according to a first enbodi nent
of. the present invention, which:is structured to have.an obligatory - .
anaerobic tank, denitrification tank and nitrification tank disposed in
the order of mention and to return and circulate a portion of water

di scharged fromthe nitrification tank after nitrification treatment to
the deni tYiFidESHHdaferk 3 Ame immobddtigeda biyn theheialbsokganisnaer obi c
tank 1, denitrification tank 2 and - 9 25 OCT 2006 nitrification tank
3 are | mBBIAbiAdd ahiam SURDOIIGr ddni Srh iamdpBisl,i rzatpentiupperts 11, 14 and
18, respectively. Wastewater 4 containing a nitrogen-containing dye is fed
to the d@Sitgatadeyr Amesricyindngakn it rdgenMucnitdiniing 8yeughfed R +EaNt act
with sulfate reduci ng bacteria under obligatory anaerobic conditions to
deconposebilii@ationyogene ront aitmnkgl die wich he hobkeryst il ebhigatory
anaerobic tank 1, an agitator 9 is disposed, by which stirring is

conduct eiith enddatenatducingudecierit 0ndel bBeiFheb29" GARESHbic

i mmobi | i zation supports. each other. The m croorgani sminmobilization

support conditlons to decompose the nitrogen-containing dye.

At the bottom of the obligatory anzerobic tank 1, an

), agitator 9 is disposed, by which stirring is conducted in order
not to cause friction of the microorganism immobilization
supports each other. Thendcroorganimnimmobilizationsupport
11 has been poured in a mixture'lo, which contains
microorganisms such as sulfate reducing bacteria, in the
obligato;y anaerobic tank 1. When the agitator 9 is started,
a circulatory f£flow of the mixture 10 oﬁcurs in the obligatory
anaerobic tank 11. This circulatory fléw causes flow of the
microorgahism immobilization support 11 in the obligatory
anaerobic tank 1, during which microorganisms composed mainly
of the sulfate reducing bacteria exlsting in the mixture 10 are
caused to adhere to, combine with and immobilize onto the
microorganism immobilization support 11. -

The westewater thus treated 5 is denitrified by
denitrifying bacteria in the denitrification tank 2 under

anaerobic conditions., At the bottom of the denitrification

tank 2, an agitator 12 is disposed for carrying out stirring

- 10 -



11 has been poured in a mixture 10, which contains microorgani snms such as
‘sulfate reducing bacteria, in the obligatory anaerobic tank 1. Whed StHd 2006
agi'tator 9 is started, a circulatory flow of the m xture 10 occurs in the
obligatory anaerobic tank 11. This circulatory fl ow causes flow of the

- m croorgani sminmobilization support 11 in the obligatory anaerobic tank
.1, during which mcroorgani sns conmposed mainly of the sulfate reducing
bacteria existing in the m xture 10 are caused to adhere to, conbine with
and i mobilize onto the m croorgani smimobilization support 11. The
wast ewater thus treated 5 is denitrified by denitrifying bacteria in the
deni tri f i[1Paifeen Wt Xurmirse drdartolunc ofordiet ma@Foogahligmbott om of the
denitrification tank 2, an agitator 12 is disposed for carrying out
stirringimmppilizatdad BWQOEts eaatdertheat. t Cheanserbbighh98mof the

m croorgani sminmobilization supports each other. The m croorgani sm

i mobi | i 28modd 1s#eddidn 8dphast Halehapdwendpbliréd AnXd RAQth3e 1N GhycgONt ai ns
m croorgani sms such as the denitrifying bacteria, in the denitrification

tank 2. ¢heratihe mgcrabogah?sing shelkta0thedashi s 801y valcdW ek tie mxture
13 occurs in the denitrification tank 2. This circulatory fFomﬂcauses fl ow

of the rher dendapiEiciatadhi taAR!2 ON wheRPRhE d41tdedPa , deniiLLilgation

tank 2, during which m croorgani sns conposed ’

a circulatory flow of the mixture 13 occurs in the

e denitrification tank 2. This circulatory £low causes £low of
the microorganism immobilization support 14 in the
denitrification tank 2, during which microorganisms composed
mainly of the denltrifying bacteria exlisting in the mixture 13
are caused to adhere to, combine with and immobilize onto the
microorganism immobilization support 14. The organic matters
in the mixture 13 are utilized as a source for respiratory
substrate of denitrifying bacteria or for cell synthesis.'
Similar to the case of the obligatory anaerobic tank, an alcohol
(such as methanol or ethanol) may be added from the outside of
the system if necessary.

The denitrified wastewater 6 is then fed to the

nitrification tank 3 and is brought into.contact with the

: nitrifying bacteria in the nitrification tank 3 under aercbic
conditions, whereby the denitrified water 6 is nitrified. At
the bottom of the nitrification tank 3, an air diffuser 15 for

feeding an oxygen-containing gas such as air is installed in

connection with a blower 16. A microorganism immobilization



mai nly of the denitrifying bacteria existing in the m xture 13 ar? Cﬁﬁfﬁ&
.to adhere to, conbine with and i mobilize onto the m croorganism 3
immobilization support 14. The organic matters in the mxture 13 are
utilized as a source for. respiratory substrate of denitrifying bacteria
or for cell synthesis. Simlar to the case of the obligatory anaerobic
tank, an alcohol (such as nethanol:or ethanol) my be added fromthe »
outside of the systemif necessary. The denitrified wastewater 6 is then
fed to the nitrification tank 3 and is brought into contact with the
nitrifying bacteria in the nitrification tank 3 under aerobic conditions,
wher eby EHEPEER £Bi PR PRENePOSTRE ANt Ai ML¥EUrat 17t hehboh t conodinhe
nitrification tank 3, an air diffuser 15 for feeding an oxygen-contai ni ng
gas suchM&Srapropsipmst lichd asnnitohfigéngohantehia, binwehe 16. A

m croorgani smimobilization - i1 250CT2006 support 18 has been poured in

a m xtureitFifiathopobenk s renedgandses fxorhthe anid Gifyugrbpsteria, in .-

the nitrification tank 3. Wien air conmes fromthe air diffuser 15, oxygen
is fed toxygenmxtigdkto7the nieturd ti7fircahieonitankidatién ink Beas@ne tine,
acirculatory flow of the mxture 17 occurs owng to the resulting
ascendi ngtathe bedid et fmeowa Widcelaltosy £i6w Rt mfikewreaygescdhmw of the
m croorgani sm i mmbilization support 18 in the nitrification tank 3,

owing to the resulting ascending air bubble flow. While this
o clrculatory flow causes f£low of the microorganism
{;)}. immobillzation support 18 in the nitrification tank 3,
microorganisms composed mainly of the nitrifying bacteria
existing in the mixture 17 are caused to adhere'to, combine wilth
and immobilize onto the microorganism'immobilization support
18. By the thus-immobllized nitrifying bacteria and £loating
nitrifying bacteria, biological treatment of the mixture 17 in
the nitrification tank 3 1s carried out.

A portion of the nitrified wastewater 7 is introduced into
the denitrification tank 2, which is disposed upstream of the
nitrification tank 3, as water 8 to be returned and tirculated
and 1s denitrified under anaerobic conditions. A remaining
portion of the nitrified wastewater 7 is released or recycled
after removal therefrom of the solid content in the nitrified
wastewater 7 by the ordinarily employed method such as
coagulating sedimentation treatment or membrane treatment,

For the purpose of attaining complete denitrification and/or

decomposition of BOD components, it is also possible to treat

- 12 -



m croorgani snms conposed nmainly of the nitrifying bacteria existi ng I n the

. mxture 17 are caused to adhere to, conbine with and imobilize o 30U & Ine0b
m croorgani sminmobilization support 18. By the thus-inmobilized ,
nitrifying bacteria and floating - nitrifying bacteria, biological treatnent
~of the mxture 17 in the nitrification tank 3 is carried out. A portion of
the nitrified wastewater. 7 is introdueed into the denitrification tank 2, :
whi ch is disposed upstreamof the nitrification tank 3, as water 8 to be
returned and circulated and is denitrified under anaerobic conditions. A
remai ni n%&?port ign of the nitrified wastewater 7 is released or recycled
after relBfar TRErEMDAFE LN ofoIthe adridtieion welséematerf fed wast ewat er 7
by the ordinarily enployed net hod such as coagul ati ng sedi nentati on

t r eat menBUGCERSHYCAYe ¥t datdaniitrifeatilvn fanko9e ahdaht abnhegatosm! et e
denitrification and/or deconposition of BOD conponents, it is also

possi bl e *B3¥%t A@at 21 *arksGOT200@a ttling wemdienantg eyt BOD @bcbiosihyified
wast ewat er 7 successively in a denitrification tank 2' and a re-aeration
tank 19, bacteaiaf undercaes oyl oasiralistiemshy £BODotes g Masithdathagkela under
aerobic conditions, following the treatnment in the nitrification tank 3;
renovi ngthRensbridicentient tdnkm i hemovasiy thegs¥asd QAN rrBM the

ordinarily enployed nethod such as coagul ating sedi mentation treatnent or

menbr anerepvatipgt yastewater 7’ by the ordinarily employed method such

o as coagulating sedimentation treatment or membrane treatment;

AR and then releasing or recycling the residue.
Alternatively, the obligatory anaerobic tank and

denitrification tank which are illustrated in FIG. 1 are

combined into one denitrification tank, in which

decolorization and denitrification of wastewater are conducted
by bringing it into contact with sulfate reducing bacteria and
denitrifying bacteria. Then, the wastewater thus treated may
be brought into contact with nitrifying bacteria under aerobic
con__d:l.tions. It is preferred to return and circulate a portion

U of the nitrified wastewater discharged from the nitrification
tank to the denitrification tank.

FIG. 2 is a flow chart of a wastewater treatment apparatus
according to a second embodiment of the present invention, in
which an obligatory anaerobic tank, a nitrification tank and
a denitrification tank are disposed in the order of mention,
and downstream of the denitrification tank, a re-aeration tank

for bringing BOD decomposing bacteria into contact with the

713—



and then releasing or recycling the residue. Alternatively, the obligator
@naerobic tank and denitrification tank which are illustrated in H UCiZ%B
are conbined into one denitrification tank, in which decolorization and
denitrif ication of wastewater are conducted by bringing it into contact
with sulfate reducing bacteria and denitrifying bacteria. Then, the
wast ewater thus treated may be brought A nto contact with.nitrifying. .
bacteria under aerobic conditions. It is preferred to return and circul ate
a portion of the nitrified wastewater discharged fromthe nitrification
tank to the denitrification tank. FIG 2 is a flow chart of a wastewater
t r eat menfeRASaldlesd wasteraitay vhder sterrkie mend iitdvmsofist Héspees@nt
i nvention, in which an obligatory anaerobic tank, a nitrification tank and
a denitriIni £36Gi.oR ,t daicterd adilepsbed obd ighdovydenaerohtat tank 1and
downstream of the denitrif ication tank, a re-aeration tank for bringing
BOD deconpésiifgcldadoer tanknBo demibrifiviatidmerank 23and beaérdt 2006
denitrified wastewater under aerobic conditions is disposed. In FIG 2,
bact eri atankt A blbviegdeeny iamadidlizedt agk ptopepi ilckbeaganbshank 3,
denitrification tank 2 and re-aeration tank 19 have been i mobilized by
proper niowobligaiziasmon muppokitzgt respaeppOely,. respectively. Wastewater 20
containing a nitrogen-containing dye is fed

Wastewater 20 containing a nitrogen-containing dye is fed

to the obligatory anaerobic tank 1, in which it is brought into
| contact with sulfate reducing bacteria under obligatory

anaerobic conditions, whereby the nitrogen-containing dye is

decomposed.

The treated wastewater 21 is fed to the nitrification tank

3 and is brought into contact with nitrifying bacteria under
aerobic conditions, whereby the treated wastewater 21 is
nitrified. The nitrified water 22 is then fed to the
denitrification tank 2, in which the nitrified wastewater 22
is brought into contact with denitrifying bacteria under
I anaerobic condittons to denitrify the nitrified wastewater 22.
In the denitrification tank 2, an organic matter i1s utilized
as a source for the synthesis of a respiratory substrate or
cells of denltrifying bacteria. It may be added from the
outside of the system if necessary.
Downstream of the dehitrification tank 2, a re-aeration
tank 19 1s disposed to treat the organic matter which has

remained 1n the denitrifled wastewater 23 without being

- .14 -



to. the obligatory anaerobic tank 1, in which it is brought into Coﬂiﬁff
W th sulfate reducing bacteria under obligatory anaerobic condi tid 4 2006
whereby the nitrogen-containing dye is deconposed. The treated wastewater
2]. is fed to the nitrification tank 3 and is brought into contact with
"nitrifying bacteria under aerobic conditions, whereby the treated
wastewater 21 is nitrified. The nitrified-water 22.is then fed to the
denitrification tank 2, in which the nitrified wastewater 22 is brought
into contact with denitrifying bacteria under anaerobic conditions to
denitrify the nitrified wastewater 22. In the denitrification tank 2, an
organi c REPEEMES 1g ithiez d¢n14x1i8y4ndr ceagbion hend iw Iddsichaxfged £eepiratory
substrate or <cells of denitrifying bacteria. It nmay be added fromthe
out si de &het Bengfistidmhdart ipec deodtr .. Divorst tieamenfa ttdie waanietaitkircat | on t ank
2, are-aeration tank 19 is disposed to treat the organic matter which has
remai nedthe s@didepdntent e wasbeedt ey 12 wrthnatibgienp oy me2hOET2006
consuned in the denitrifying reaction and is discharged fromthe

deni trif Foehi @3 tcadg2.atRimynddi reeraitddnasicawniett 34, mehbeasel i d cont ent
I's renmoved by the ordinarily enployed nethod such as coagul ating.

sedi ment &reanrendgt el oife TRIPO AR dfet diMRRIcy cflahlgowed by rel ease or

recycling use. _
In FIGS. 1 and 2, the nitrogen-containing dye,
particularly azo dye, i1s brought into contact with sulfate

e reducing bacteria in the obligatory anaerobic tank 1, which
causes reductive cleavage of the azo bond in an azo dye, whereby
the azo dye is decomposed into colorless aromatic amine. The
aromatic amine thus obtained by the decomposition of the azo
dye is brought into contact with the nitrifying bacteria in the
nitrification tank 3, whereby the structure such as aromatic
ring or hetero ring is decomposed.

A hydrogen sulfide gas generated in the obligatory
anaerobic tank 1 can be treated in the conventional manner. In
FIG. 1, the anaerobic condition is promoted by the introduction -
of the gas into the denitrification tank 2 downstream of the
obligatory anaerobic tank:; and in FIG. 2, the hydrogen nitride
gas 1s introduced inte the nitrification tank 3 downstream of
the obllgatory anaerobic tank, in which it can be removed by

oxidatilve reaction.

For preventing spillage of the microorganism

immobilization support, it is desired to attach a screen 25 to

- 15 .-



In. FIGS. 1 and 2, the nitrogen-containing dye, particularly azo dy S
brought .into contact with sulfate reducing bacteria in the obligathﬂCszﬁ
anaerobic tank 1, which causes reductive cleavage of the azo bond in an
azo dye, whereby the azo dye is deconposed into colorless aromatic ani ne.
‘The aromatic am ne thus obtained by the deconposition of the azo dye is
brought =i nto contact with the.nitrifying bacteria.in the nitrification
tank 3, whereby the structure such as aromatic ring or heteroring is
deconposed. A hydrogen sul fide gas generated in the obligatory anaerobic
tank 1 can be treated in the conventional manner. In FIG 1, the anaerobic
condi t i orfhies ProkRt f BRAIMOT thoddtigatomyt angergasci heokt he
denitrification tank 2 downstream of the obligatory anaerobic tank; and in
FIG 2, tdeditmirftigeat ion iatk 2gasdislimtfiochicierh itané 8hkn (MIG. fli aatli on t ank
3 downstream of the obligatory anaerobic tank, in which it can be renoved
by oxi ddtd vehe eartien. ofFforaqh eventliengpbdpiddtagy ahaklebdcctanakgani sm

i rmobi |ization support, it is desired to attach a screen 25 to 15. 2 5 OCT
2006 thevlgrificatfieadiand d.hédecobltrgfiicayianacambix andnkelaeration
denitrification tank 2 and nitrification tank 3 in FIG 1 and to the

outl et oftagachiof the obligatory anaerobic tank 1, nitrification tank 3,
denitrification tank 2 and re-aeration :

Each of the obligatory anaerobic tank 1, denitrification
tank 2 and nitrificatien tank 3 in FIG. 1, and the obligatory
anaerobic tank 1, nitrification tank 3, denitxification tank
2 and re-aeration tank 19 of FIG. 2 is filled with a support
having sulfate reducing bacteria, denitrifying bacteria,
nitrifying bacteria or BOD decomposing bacteria immobilized
thereon. The nature of the support may be determined, depending
on the need. The sulfate reducing bacteria, denitrifying
bacteria, nitrifying bacteria and BOD decomposing bacterla
included in and immobilized to a microorganism immobilization
support in advance may be employed, Alternatively, it is
possible to utilize spontaneous adhesion of bacteria to the
mlicroorganism immobilization support which has been poured in
each tank 1n advance.

(Examples) - .

The present invention will hereinafter be described more
specifically by Examples. It should however be borne in mind

that the present invention is not limited to or by them. The

chromaticity, BOD (Blochemical Oxygen Demand) concentration

- 16 -.



tank 19. Each of the obligatory anaerobic tank 1, denitrification ta@‘[ﬁﬂﬁ
and nitrification tank 3 in FIG 1, and the obligatory anaerobic gén 15
nitrification tank 3, denitrification tank 2 and re-aeration tank 19 of
FIG 2 1s filled with a support having sulfate reducing bacteria,
-denitrifying bacteria, nitrifying bacteria or SOD deconposi ng bacteria

I mmobi | i.zed thereon. The nature of the support: may be determ ned,
depending on the need. The sul fate reducing bacteria, denitrifying
bacteria, nitrifying bacteria and BOD deconposi ng bacteria included in and
i mobi lized to a mcroorgani smimmobilization support in advance may be
enpl oyedan@\ T e ngfo Vel yNitrogen) peertantratlan iaf sackpeit thecastwhesi on of
bacteria to the mcroorgani smimmobilization support which has been poured
in  eachwash&waheadvmddee{fedmplsesyateewpre swasumaik Ani apcqkdance

herei nafter be described nore specifically by Exanples. It should however
be bor newithnTesltitbatethedpr EsenindustertabWatemdiy IS Ki 0201+ b59Y) by t hem
The chromaticity, BOD (Bi ochenmical Oxygen Demand) concentration 16 -.
250CT2006 and T-N (Total -Ni trogen) concentration of each of the actual
wast ewat er and treated wastewater were neasured in accordance wth Testing
Met hods f£@ampmdustrial Water (JI'S K 0101-1991).

A wastewater treatment apparatus was manufactured in such
s a manner that an obligatory anaerobic tank, a denitrification
>( tank and a nitrification tank were disposed in the order of
mention and 75% of nitrilifled wastewater discharged from the
nitrification tank was returned-:circulated to the
denitrification tank. Each tank had a capacity of 150 L. The
obligatory anaerobic tank was filled with, as a microorganism
immobilized support, 10% (by weight, which wiil equally apply
hereinafter) of acetalized polyvinyl alcohol hydrogel (which
will ﬁerein-after ‘be called "PVA gel” simply) having sulfate
‘reducing bacteria immobilized thereon. The PVA gel was caused
to flow by an agitator.: The denitrification tank was £filled -
with 10% of PVA gel having denitrifying bacteria immobilized
thereon and using an agitator, the PVA gel was caused to flow
similarly. The nitrification tank was filled with 10% of PVA -
gel having nitrifying bacteria immobilized thereon and
aeration was conducted via an air diffusing tube. As the

wastewater, actual wastewater containing Acid Orange 7 and Acld

Blue 126 was employed.

- 17 -



EXaane 1 A wastewater treatnent apparatus was manufactured in suc

. fmanner that an obligatory anaerobic tank, a denitrification

Conk dsber 2008

nitrification tank were disposed in the order of nention and 75% of
nitrified wastewater discharged fromthe nitrification tank was returned
circulated to the denitrification tank. Each tank had a capacity of 150 L.
The .obligatory anaerobic tank was filled with, as-a m croorgani sm : .
i mmobi |i zed support, 104 (by weight, which will equally apply hereinafter)
of acetalized polyvinyl alcohol hydrogel (which wll hereinafter be called

PVA gel sinply) having _sulfate reduciing bacter]

a jmobiljzed ereon. The
PVA gel was cibeedctisli wawteyaiRTafrta oF.rq*H%t’d%ﬁ"fr?#i%ﬁ'i oén ank was

filled with 10% of PVA gel having denitrifying bacteria.l

t her eon gndcesitngtdenagEt 48P maHe apeaT gl c%mq 8% f
The nitrification tank was filled with 10% of PVA gel havin
bact er i aThenebiromadd ciftar odn thed wastawpsarwas EbadiRt Lt 95

bilj.zed
"Eihilarly.
nitrifying
air

di ffusing tube. As the wastewater, actual wastewater containing Acid
Orange 7nate iAdicd tiBinue abk6 wass 18npicdpedlyl puggassir@othe The act ual

wast ewat er had a chromaticity of 360, BCOD concentration of 1545 ng/L and
T- N conceaeichaivirdz adfi o0& ghe. waEBtewaliegnat Ibet PObf andeTnkst enat er at the

outl et of the

concentrations of the wastewater were 18 mg/L and 20 mg/L,

respectively.

P Comparative Example

In a similar manner to that employed for Example 1 except

that the obligatory anaeroblc tank was omitted, wastewater

treatment was conducted. The BOD concentration of the treated

wastewater at the outlet of the nitrification tank was 19 mg/L,

almost a similar level to that of Example, but the T-N

concentration was 68 mg/L and chromaticity was 203, indicating

that the wastewater treated in Comparative Example was not

decolorized.

Example 2

A wastewater treatment apparatus was manufactured in such

a manner that an obligatory anaerobic tank, a nitrification
tank, a denitrification tank. and a re-aeration tank were

disposed in the order of mention. Each tank had a capacity of
150 L. The obligatory anaeroblc tank was filled with, as a
microorganism immobilized support, 10% of acetalized PVA gel

having sulfate reducing bacteria immobilized thereon. The PVA
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nitrification tank was 18, clearly suggesting the decolorization of t
Wastewater. The BOD and T-N concentrations of the wastewater were zé[ﬂg]@%
and 20 ng/L, respectively. Conparative Exanple In a simlar manner to that
enpl oyed for Exanple 1 except that the obligatory anaerobic tank was
‘omtted, wastewater treatnment was conducted. The BOD concentration of the
treated wastewater.at the outlet of the nitrification.tank was 19 ng/L,.
alnost a simlar level to that of Exanple, but the T-N concentration was 68
ng/L and chromaticity was 203, indicating that the wastewater treated in

Conpar at i Exampl e S, no decol ori zed. Exanpl e 2 A wastewater treatnent
apggr at u{gv gaﬁangﬁ’f‘ﬁ\é\%u?%cftliw E@(cﬁn Ei‘;t‘ﬁr%ﬁﬁ%‘? pﬁﬁf’ A HH Y GHERY t8R%er obi ¢

tank, a nitrificatjon tank, a denitrification tank. and a re-aeration tank
vere di ¥58sddlted ettt it ot MR T Bl G K4 1R S RpREREY80f 150 L.

{mobi | | ABCRIIGaT ARGBGT AR IaR PP S ondhidiot V4@l P 8LFoduc
ng?eLig i mobi | i zed thereon. The PVA - 18 EESOCITZOOG gel wa; caﬁsggl?g
flow by &iffgaiexotubehe Bherdentiriblcating iank Webefibied widds 304PVA gel
having nitrifying bacteria :

of PVA gel having denltrifying bacteria immobilized thereon and

using an agitator, the PVA gel was caused to £low similar to

the case of the obligatory anaeroblc tank. A necessary amount
).( of methanol was added to the denitrification tank, The
re-aseration tank was filled with 10% of PVA gel having BOD
decomposing bacteria immobilized thereon and aeration was
conducted via an air diffusing tube, and a remaining BOD portion
without being consumed in the denitrifying reaction was |
decomposed. As the wastewater, actual wastewater. containing
Acld Orange 7, Acid Blue 126 and a high amount of T-N
concentration mainly‘consist of urea was employed.

The actual wastewater had a chrbmaticity of 420, BOD
concentration of 460 mg/L and -T-N concentration of 590 mg/L.
The chromaticity of the wastewater at the outlet of the
nitrificatlion tank was 18, clearly suggesting the
- decolorization cf the wastewater. The BOD and T-N

éoncentratidns of the wastewater were 17 mg/L and 18 mg/L,

respectively.

Example 3

A wastewater treatment apparatus was manufactured in such

- 19 -



i'mmobi | i zed thereon and aeration was conducted via an air diffusi n? t ube.
The denitrification tank was filled with 10% of PVA gel having 3 0CT 2006
denitrifying bacteria i mobilized thereon and using an agitator, the PVA
gel was caused to flow simlar to the case of the obligatory anaerobic
tank. A necessary anount of nethanol was added to the denitrification
:tank. The re-aeration tank was fil.led with 10% of PVA .gel: havi ng .-BOD.
deconposi ng bacteria i mobilized thereon and aeration was conducted via an
air diffusing tube, and a remaining HOD portion wthout being consuned in

the denitrifying reac iaogl wastélg,_ cor{p_osed. As the wastewater, actual
wast ewat ef. CoNnt ai ni N R ﬁ‘&@ AOMACRRRERRG 21 DEtFAE 1gakigh tandunt of
T-N concentrat.ion nainl¥ consi st of urea was enpl oyed. The actual
wast evat eP Ch8d 3L SPRESRaiT it §rdeFooipmentipn andcehbrafi nhtoif4aD ny/ L
and. -T-N concentration of 590 ng/L. The chromaticity of the wastewater at
the out| e¥agtevpéerndierhpegaedodroanikheasit8ifttatioy sagkesss ng t he
decol ori zati on of the wastewater. The BOD and T-N concentrati ons of the
wast ewat eF ehBFaed7 cAgrulatedlgomhe, denddpeticaciyn Exaxpl eTRe A wast ewat er
treat nent apparatus was manufactured in such 19 2,5 OCT 2006 a nmanner
that a defifPlrrifachéAonabkniamtdathetnifittitdaiionabkink had a capacity
of 300 L and 150 L, respectively. The denitrification tank was
filled with, as a microorganism immobilized support, 10% (by
s weight, which will equally apply hereinafter) of acetalized
polyvinyl alcohol hydrogel (which will hereinafter be called
"PVA gel” simply) having sulfate reducing bacteria and
denitrifying bacteria immobilized thereon. The PVA gel was
caused to flow by an agiltator. The nitrification tank was
filled with 10% of PVA gel having nitrifying bacteria
immobilized thereon and aeration was conducted via an air
diffusing tube. As the wastewater, actual wastewater
containing Acid Orange 7 and Acid Blue 126 was employed.
o : The actual wastewater had a chromaticity of 310, BOD
concentration of 1230 mg/L and T-N concentration of 375 mg/L.
The chromaticity of the wastewater at the outlet of the
. nitrification tank was 21, clearly suggesting the
decolorization of the wastewater. The BOD and T-N

concentrations of the wastewater were 19 mg/L and 24 mg/L,

regpectively.



were di sposed in the order of mention and 75% of nitrified wastewater
di scharged fromthe nitrification tank was returned- circul ated tad 5®&d 2006
denitrification tank. The denitrif ication tank and the nitrification tank
had a capacity of 300 L and 150 L, respectively. The denitrification tank
was filled with, as a m croorgani sminmmobilized support, 10% (by weight,
- which will equally apply hereinafter) of acetalized. polyvinyl  alcohol
hydrogel (which will hereinafter be called "PVA gel"” sinply) having
sul fate reducing bacteria and denitrifying bacteria i mmobilized thereon.
The PVA gel was gz;lumd to flow by an agitator. The nitrification tank was
filled with 10%8 P adéf]s having nitrifying bacteria immovbilized thereon
and aeration was con(c)luc ed }si gén air diffusing tube. As the wastewater,
actual wastewater cont@iTitRGe AL §re3tdRgevartanatenc canBlinénd 26 niksogsms| oyed.
The actual wastewater had a chromaticity of 310, BOD concentration of 1230
mg/ L and T-N cofERrATHEE e "Blah pegrariseTihe dntlmdnpcstepsofllt e w@ist ewat er
at the outlet of the nitrification tank was 21, clearly suggesting the
decol ori zati on of the (hWastrerBt KRtoTynBeDokiied sTeN for omciagin@tthens of t he
wastewater were 19 ng/L and 24 ng/L, respectively. 20 250CT2U06 (e)
d ai ns wastewater containing a nitrogen-containing dye into contact

with sulfate reducing bacteria under obligatory anaerobic

conditions;
o (2) a nitrification step for bringing the wastewater into
contact with nitrifying bacteria under aerobic conditions; and

(3) a denitrification step for bringing the wastewater into

contact with denitrifying bacteria under anaerobic conditions.

2. A method of treating wastewater containing a nitrogen-
dye of claim 1 with an apparatus, comprising

an obligatory anaerobic tank for bringing wastewater
containing a nitrogen—contaiging dye into contact with sulfate-
reducing bacteria under obligatory anaerobic conditions,

a nitrification tank for bringing the wastewater into
contact with nitrifying bacteria under aerobic conditions and

a denitrification tank for brinding the wastewater into
contact with the denitrifying bacteria under anaerobic

conditions.

3. A method of treating wastewater containing a nitrogen-

dye of'claim 1 with an apparatus, wherein the obligatory anaerobic
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1. A nethod of treating wastewater containing a nitrogen- containing dze,
whi.ch conprise the following steps (1) to (3): (1) an obligatory ddh&_bﬂm&
step for bringing the wastewater containing a nitrogen-containing dye into
contact wth sulfate reducing bacteria under obligatory anaerobic
conditions; (2) anitrification step for bringing the wastewater into
contact with nitrifying bacteria under aerobic conditions; and (3) a
denitrification step for bringing the wastewater into contact with
denitrifying bacteria under anaerobic conditions. 2. A nmethod of treating
wast ewat er containing a nitrogen- dye of claim1 with an apparatus,

i Si .obl j.gat [ bi kK f i ngi wast ewat er.  cont ai ni ng
2Tt ogon- CaHvai Hing VST RGeS BNt BT vith TR (el RRieh nG Bact e | a
d bl i gat ' ditions,., a nitrification tank for bringing
upder 9011 SALERLANIRT SRl C LR Qask, f TLAr L Loation dank ot b

t he wastewal® baet _
conditions and bringing the wastewater into

.denitrification tank for |
contact Wi tﬂaﬁeﬁce%aéﬁ]?atl?gleijffﬁ‘ﬁ“ B"g‘@t B PR T RgetonahaRf obi CaEsdi q gigsumn 3. A
met hod of treating wastewater containing a nitrogen- dye of claiml with an
appar at us, ﬁﬁ@F%F PAAE BbITh§ A gk E® §ankp1 2 5 O C T 2006 tank, the

denitrification tank and the nitrification tank are

4. A method of treating wastewater containing a nitrogen-dye
5~) of claim 1 with an apparatus, wherein the obligatory anaerobic
tank, the nitrification tank and the denitrification tank are
disposed in the order of mention and a re-aeration tank for
bringing BOD decomposing bacteria into contact with the
wastewater under ae?obic conditions is disposed downstream of the

denitrification tank.

5. A method of treating wastewater containing a nitrogen-dye

of claim 1 with an apparatus, wherein a denitrification tank for
:) bringing wastewater containing a nitrogen-containing dye into

contact with sulfate reducing bacteria and denitrifying bacteria
under obligatory anaerobic conditions and a nitrification tank
for bringing the wastewater into contact with nitrifying bacteria
under aerobic conditions are disposed in the order of mention,
whereby a portion of the treated water discharged from the

nitrification tank is caused to return and circulate to the

denitrification tank.

6. A method of treating wastewater containing a nitrogen-dye

-22.



di sposed in the order of nention and a portion of the treated water
di scharged fromthe nitrification tank is caused to return and ci r & 011044 005
to the denitrification tank. 4. A nethod of treating wastewater containing
a nitrogen-dye of claiml with an apparatus, wherein the obligatory
anaerobic |1 tank, the nitrification tank and the denitrification tank are

~ di sposed in the order of nention and a re-aeration tank for bringing BOD

deconposi ng bacteria into contact with the wastewater under aerobic
conditions is disposed downstream of the denitrification tank. 5. A nethod
of treating wastewater containing a nitrogen-dye of claim1l wth an
apparatus, wherein_ a denitrification tank for bringing wastewater

cont ai ni ng°h HidlPobeRtBott aPRrFRF UGy elieiedn contact with sul fate reduci ng
bacteria and denitrifying bacteria under obligatory anaerobic conditions
and a nitrificat Fefh PRaRRE13f Bave dieani Wmyobhl spd she waméerdorgenicont act with
nitrifying bacteria . . under aerobic conditions are disposed in the order
of menti oniMMafidiediion parporoniroftt keastr et ddnvatdectiéd dvangage from t he
nitrification tank is caused to return and circulate to the

deni trifi calbligatoanlknaéroticnesiodthé rtiteaficagiomdtaewadrer thent ai ni ng a
nitrogen-dye -22 25 OCT 2006 of claim1 with an apparatus, wherein

denitrification tank.

) 7. A method of treating wastewater containing a nitrogen-dye
of claim 4 with an apparatus, wherein the bacteria have been
immobilized by a microorganism immobilization support in at least
one tank selected from the obligatory anaerobic tank, the
nitrification tank, the denitrification tank and the re-aeration

tank.

8. A method of treating wastewater containing a nitrogen-dye

of claim 5 with an apparatus, wherein the bacteria have been
,) immobilized by a microorganism immcbilization support in at least

one tank selected from the nitrification tank and the
denitrification tank.

9. A method of treating wastewater containing a nitrogen-dye
of claim 6 with an apparatus, wherein the microorganism
immobilization support is at least one support selected from

gelled support, plastic support and fibrous support.

10. A method of treaﬁing wastewater containing a nitrogen-
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t he bacteria have been immobilized by a m croorganism imobilizati

support in at |east one tank selected fromthe obligatory anaerobﬂgﬁgghw%
the nitrification tank and the denitrification tank. } 7. A nethod of
treati ng wastewater containing a nitrogen-dye of claim4 with an
apparatus, wherein the bacteria have been immobilized by a m croorgani sm
i mmobi | i zation support in at |least one tank selected fromthe obligatory
anaerobic tank, the nitrification tank, the denitrification tank and the
re-aeration tank. 8. A nmethod of treating wastewater containing a
nitrogen-dye of claim5 with an apparatus, wherein the bacteria have been

i mobi li ze y 1.C I i 'gﬁgﬁ' i i POLt; SN one tank
sel ected fS%%]?ﬁéﬂﬁg§??fg§§t%gﬁb an hghég%hgﬂlgg%i?%Pf?cggﬁgﬁgﬁgif. 9. A
met hod of t ' taining a nitrogen-dye of claim6 wth an
apparatus,E&ﬁg%ggﬁ'%ﬁ%&ﬁﬁgbg%¥§§2isn1 i mmobi |i zati on support is at |east
one support selected from gelled support, plastic support and fi brous
support. 10. A nethod of treating wastewater containing a nitrogen- -23 2 5
OCT 2006 dye of claim9 with an apparatus, wherein the gelled support is a
pol yvi nyl al cohol hydrogel. -24
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